Objective To determine if patients, less than 40 years of age with or without day 5 cryopreservation (d5 cryo), compromise their pregnancy rate (PR) by choosing an eSBT. Design Retrospective analysis Setting University IVF center Patients 2,203 non-donor fresh IVF cycles in women <40 years of age from January 2004 to January 2010. Interventions None Main outcome measure(s) Eggs retrieved, Embryos cryopreserved, Implantation Rates, Clinical Pregnancy Rates, Live Birth Rates, Spontaneous Abortion Rates Results Pregnancy outcomes in women <40 years with or without d5 cryo were compared according to whether patients underwent an eSBT versus a 2BT in non-donor fresh IVF cycles. Overall, eSBT was associated with elimination of twinning while maintaining a high clinical pregnancy rate in both groups with d5 cryo (75 % eSBT versus 72 % 2BT) and groups without d5 cryo (48 % eSBT versus 56 % 2BT). Conclusions In this study, patients <40 years of age have eliminated twinning by electively choosing to transfer a single blastocyst without compromising their PR if embryos are available for d5 cryo, and suffer only a non-statistically significant drop in their PR if there are no embryos available for d5 cryo in exchange for the benefit of eliminating the obstetrical risk of twinning.
Introduction
It has been more than 32 years since medical advancements by Steptoe and Edwards led to the birth of the first child through IVF. Today, ∼3 % of babies born in developed countries are conceived as a result of ART [1] . Initially, it was not only commonplace, but acceptable to transfer multiple embryos to compensate for low IR. This practice led to a rise in multiples, which are associated with increased risks for adverse pregnancy outcomes [2] [3] [4] . Accordingly, multiple births have become the most common adverse outcome in ART challenging those who practice to focus on their reduction. Substantial advances in stimulation protocols and culture techniques, have led to higher IR and PR [5, 6] , thus affording a more tangible opportunity for a live birth. Hence, the goals of ART have evolved from maximizing PR with the transfer of multiples to minimizing the incidence of multiples with the reduction in the number of embryos transferred (ET).
eSBT is becoming a more widely accepted strategy in reducing multiples since several studies have demonstrated that PR are not compromised by reducing the number of ET from 2 to 1 [7] [8] [9] [10] [11] . This is most prevalent in Europe, where IVF costs are covered by government agencies resulting in eSET making up 60 % of all transfers resulting in <10 % multiple PR and 0 % triplet rate [7, [12] [13] [14] . Most recently, Finland showed that eSET with cryopreservation is more effective and less expensive than 2ET, with 2-fold reduction in multiple births [15] . Conversely, in the US, where IVF costs are typically endured by patients, eSBT is relatively uncommon [16] . The burden of high expenses combined with years of infertility is enough to discourage the good prognostic patient from choosing eSBT. Such factors are often more influential in decision-making processes than ample evidence supporting the practice of eSBT. Consequently, multiple births after IVF remains consistently high (33 % twins, 1.9 % high order multiples (hom)), greater than the natural twinning rate (1.1 %) [17] and Europe's multiple rates from IVF: 26 % (24 % twins, 2 % hom) [14] .
Since SART/ASRM made the recommendation in 2004 to consider eSBT in women <35yo with a favorable prognosis and to transfer ≤2 embryos, the average number of ET has declined from 2.5 in 2004 to 2.2 in 2008. A corresponding decline in ≥ triplets from 4.9 % to 1.9 % reflects such practice. Despite the increase in cycles receiving an eSBT (1.2 % to 5.2 %), the twinning rate remains fixed (33 %). Hence, in the US, it is evident that both patients and physicians are still hesitant to embrace eSBT in appropriate patients and continue to opt for multiple ET in the hopes of increasing the chance of a live birth. Therefore, eSBT continues to remain a serious clinical dilemma for the self-paying American woman despite previous studies showing its efficacy, as patients fear the potential of compromising PR for the benefit of reducing multiples.
The aim of our study was to identify a subset of patients who would most benefit from eSBT, thus providing substantial evidence to afford patients the ability to confidently choose eSBT.
Materials and methods

Patient selection
This is a retrospective review of all fresh IVF cycles with either eSBT or 2BT from 2004 to 2010. Patients included in our study were women <40yo who had eSBT or 2BT. Exclusion criteria included donor egg recipients, and patients who had a SET for medical indication. Moreover, patients who had only one blastocyst available on day of transfer were excluded given that the SBT was considered non-elective.
Follicular phase/IVF stimulation
Ovarian stimulation was individualized. Patients underwent either down-regulation with GnRH agonist or antagonist with combinations of recombinant human FSH and/or human menopausal gonadotropins. Patients were followed with periodic ultrasounds and estradiol assessment. When lead follicles reached a mean diameter of 17 mm, hCG intramuscularly was given and ∼35 h later, oocytes were collected by ultrasound guided, transvaginal aspiration.
Laboratory procedures
Oocytes were fertilized with routine insemination or ICSI. Fertilization was assessed by visualization of two pronuclei. Embryos were monitored daily. Good quality embryos on d3 were defined as >5 cells with a grade >2.5. Embryos that were still dividing were cultured to d5. The decision to culture to d5 was based on the quantity and quality of embryos on d3. If an excess number of good quality embryos are available for transfer, then embryo culture would be continued [18] . Embryos were graded on d5 using the Gardner and Lane criteria [19] . The decision on the number of blastocysts to transfer was in accordance to ASRM/SART guidelines [20] . On day of transfer, all patients with a good cohort of blastocysts were counseled and offered eSBT and counseled, with patients ultimately making the final decision. Transcervical ET was performed under ultrasound guidance. The remaining good quality (≥grade 3Bb per Gardner's criteria) blastocysts were cryopreserved on d5/6 [21] .
Luteal phase
Luteal support consisted of IM progesterone daily. An initial pregnancy test was performed on d28. Monitoring with β-hCG levels and ultrasounds were performed to diagnose a viable intrauterine pregnancy, miscarriage, or ectopic pregnancy.
Statistical analyses
Using SigmaStat, variables amongst study groups were compared by X 2 analyses and Fisher's exact test. Values of p<0.05 were of statistical significance. The data were analyzed according to whether patients <40yo, with or without d5 cryo, underwent either eSBT or 2BT.
Results
Cycles of all women <40yo undergoing fresh IVF cycle were reviewed and subsequently divided into two groups depending on whether or not d5 cryo of blastocysts occurred, and then further subdivided into eSBT or 2BT. Of note, patients grouped into no d5 cryo had no embryos frozen on day 5; however, they may have had embryo cryopreservation on day 6; thus, embryo cryopreservation (Table 3) for patients grouped in the no day 5 cryo represents day 6 embryos only. Patient/cycle characteristics and pregnancy outcomes of patients who underwent eSBT were then compared to those who underwent 2BT in each cryopreservation group. 61 % (59/96) of patients who chose eSBT were <35yo (Fig. 1) .
There was no significant differences in day 2 FSH level, mean number of previous cycles, diagnosis, amount of gonadotropins used, %GnRH agonist cycles, number oocytes retrieved and fertilized, total number of blastocysts available for transfer, or number blastocysts cryopreserved in patients who had d5 cryo and chose eSBT, despite being younger (33±4 vs. 34±4, p00.0147) as compared to those choosing 2BT (Table 1) . Despite higher IR (79 vs. 61, p0 0.0084) amongst those patients choosing eSBT rather than 2BT, there was no difference in PR (75 % vs. 72 %, p0 0.7699), LBR (67 % vs. 68 %, p00.8889), or SAB (8 % vs. 4 %, p00.2063) ( Table 2 ). Singleton PR was significantly higher in patients who underwent eSBT with d5 cryo in comparison to those who underwent 2BT with rates of 67 % (45/67) and 34 % (152/445), respectively while completely eliminating twins. Patients choosing 2BT had a twinning rate of 34 % (151/445) or 50 % (151/303) of those who went on to have a live birth. Moreover, there was no statistically significant difference with regards to cumulative pregnancy rates between women choosing a eSBT over a 2BT (90 % (60/67) vs. 82 % (363/445)). Cumulative pregnancy was defined as the sum of clinical pregnancies resulting from the fresh cycle and if not pregnant, then any subsequent clinical pregnancies from subsequent frozenthaw cycles (Table 2) .
In those patients who did not have d5 cryo, there were no significant differences between those patients who chose eSBT versus 2BT in respect to their age, day 2 FSH level, mean number of previous IVF cycles, diagnosis, %GnRH agonist cycles, or gonadotropins used (Table 3 ). In addition, despite the significantly higher number of oocytes retrieved (19.3 vs. 15.1, p 00.0030), fertilized (11.9 vs. 9.0, p 0 0.0011) and embryos cryopreserved (1.9 vs. 1.1, p 0 0.0174) amongst those patients who chose eSBT versus 2BT, the total number of blastocysts available (2.9 vs. 3.1, p00.6061) did not differ (Table 3) . Moreover, there was no difference in IR (50 % vs. 43 %, p00.3521), PR (48 % vs. 56 %, p00.4530), LBR (48 % vs. 51 %, p00.8522), or SAB (0 % vs. 5 %, p00.3966) in patients choosing eSBT rather than 2BT (Table 4 ). The singleton PR was significantly higher in patients who underwent eSBT in comparison to 2BT with rates of 48 % (14/29) and 34 % (578/1662), respectively (p < 0.0014) while completely eliminating twins. Those choosing a 2BT had a twinning rate of 16 % (273/1662) or 32 % (273/847) of those who went on to have a live birth. Moreover, there was no statistically significant difference with regards to cumulative pregnancy rates between women choosing a eSBT over a 2BT (52 % (15/29) vs. 59 % (974/1662)) ( Table 4) .
Discussion
Since its inception, IVF has rapidly become one of the most successful and widely used techniques in infertility treatment, [1] . Initially, eSET only occurred in women who had just one available embryo, thus, there were "non-elective" SETs in poor responding patients which inevitably resulted in poor pregnancy outcomes. Advances in the field quickly led to the production of multiple oocytes/cycle and ultimately the transfer of >1 embryo/transfer. Such improvements eventually led to higher IR and LBR, but at the expense of an increasing multiples, which are associated with increased morbidity and mortality for both mother and fetus [2] [3] [4] . Accordingly, multiple births have been deemed the most unfavorable outcome associated with ART, and have been referred to as an epidemic with some advocating for the quality of an IVF program to be measured on its ability to maximize the singletons rather than by its overall PR [23] . Moreover, it is believed by some that twins should be regarded as a complication [24] . Such beliefs are driving physicians to find an acceptable solution. Currently, the only solution available to physicians is to limit the number of ET in tandem with educating patients on the risks of multiples. There has been a trend amongst IVF programs to reduce the number of ET, with some implementing the practice of mandatory eSET [25] . Europe is at the forefront of such practice as a result of findings that PR in good prognostic patients are not compromised regardless of whether a patient receives one versus two embryos, while dramatically reducing the incidence of multiples [7] . Belgian law instituted the policy of funding and mandating the first two IVF cycles if SET occurred in a woman <36yo, allowing for 2ET only if the first two cycles failed [26] .
In 2009, SART/ASRM offered guidelines on the number of blastocysts to transfer. They recommended that programs consider eSBT to good prognostic patients <35yo (1st IVF cycle or previous successful IVF cycle, good embryo quality, excess embryos for cryopreservation) . These guidelines implied that fewer blastocysts could be transferred without adversely affecting the likelihood for success [20] . Despite recommendations and documented success [27] [28] [29] , the US continues to lag behind our European counterparts, hindered by the combination of exorbitant costs endured by patients and years of frustration.
Our program offers eSBT and our experience encourages its use in good prognostic patients, but especially if patients have excess blastocysts to cryopreserve on d5 as the overall IR, PR and LBRs were significantly higher for patients choosing eSBT with d5 cryo (79 %, 75 %, and 67 %, respectively) as compared to those without d5 cryo (50 %, 48 %, and 48 %, respectively). Our age criterion is less stringent than the SART/ASRM guidelines, with the age of our study population including patients up to 39 yo. In addition, our blastocyst criterion (>2Bc) was less stringent than implemented in previous studies in which patients had to have ≥3 blastocysts available on transfer day with one blastocyst of Aa quality [28] .
Our study shows higher IR in patients who chose eSBT versus 2BT. This is probably due to the finding that patients who chose eSBT as compared to 2BT had slightly higher quality blastocysts on day of transfer, with the poorest blastocyst grading 2Bc versus 1, respectively. Moreover, the higher IR amongst eSBT probably led to higher singleton PR for those patients choosing an eSBT in comparison to those patients who underwent 2BT.
Our study supports eSBT use in patients <40 yo with a good cohort of blastocysts; especially if they have blastocysts available for d5 cryo. We showed that overall, the eSBT was associated with elimination of twinning while maintaining a high PR in both groups with d5 cryo (75 % eSBT versus 72 % 2BT) and without d5 cryo (48 % eSBT versus 56 % 2BT). No compromise in PR was seen if [6, 8, [29] [30] [31] [32] [33] [34] [35] . A Cochrane Review demonstrated significant differences in PR and LBR in favor of blastocyst transfer in good prognosis patients and suggested that in selected patients, blastocyst culture may be applicable for eSBT [36] [37] [38] . Our study is one of the few studies to assess ART outcomes for eSBT.
Although there was no incidence of monozygotic twinning in our study, previous reports suggest monozygotic twinning of ∼2 % [39] . The absence of such twinning may be a result of small sample size. Although low, monozygotic twinning is a potential risk to blastocyst transfer and is tenfold higher than the general population [40, 41] with a significantly higher perinatal morbidity and mortality.
One limitation of our study is that it is a retrospective analysis. Our program has neither formal inclusion criteria nor a mandatory SET policy for offering patients an eSBT. Patient self-selection for eSBT versus 2BT represents a possible confounding factor. In addition, there may be variables not appreciated by review of the database that caused physicians to counsel the better prognosis patient more aggressively about eSBT. This may explain why the overall IR was higher with eSBT (79 % and 61 %) in comparison to 2BT (50 % and 43 %) with or without d5 cryo, respectively.
Small sample size in the eSBT group was another weakness of the study which emphasizes both the reluctance of physicians to offer such practice and in turn, the reluctance of patients to accept eSBT. Although differences in PR with and without d5 cryo were not statistically significant, future studies using larger number of patients are needed to determine if PR are indeed higher with eSBT. However, randomizing patients to either eSBT or 2BT may be difficult to achieve when most patients pay for ART and as a result have strong preferences for the number of blastocysts transferred.
All patients were counseled by their physician during their initial consultation and for a second time regarding their blastocyst quality and options by the covering physician, who was not always the same physician at the initial visit. Therefore, one strength of our study was that two separate counseling sessions, usually by two different physicians, assisted in decreasing the confounding factor of nonuniform counseling between our physicians.
We believe that the best approach to reducing the multiple PR in IVF is multifactorial. Offering eSBT along with cryopreservation of the remaining blastocysts can help to achieve high cumulative PR [25] . In addition, uniform counseling by physicians at both initial visit and on day of transfer is desirable. Several studies have shown that a woman's initial preference for 2BT was related to beliefs that PR was higher with 2BT versus eSBT, not a specific desire for twins. Educating patients on the risks associated with multiples resulted in a shift towards eSBT and a decreased desire for multiples as long as there was not a substantially lower PR [25, 42] . It is paramount that we not only communicate to our patients the risks associated with multiples, but also understand patients' desires and reservations which motivate them to choose >1 blastocyst.
The focus of implementing the practice of eSBT to the appropriate patient population should provide a more costeffective, safer approach to patients undergoing ART with singletons at the pinnacle endpoint of IVF success.
